This study describes sex differences in obesity and body fat distribution using commonly used assessment methods in 140 men and 245 women aged 65-96 years from Rancho Bernardo, California. Significant correlations were shown among all obesity measures. The waist/hip ratio was more strongly correlated with the truncal fat/leg fat ratio in women than men. The waist/hip ratio correlated significantly with the subscapular/ triceps skinfold ratio in women only. In both sexes, waist circumference was more strongly correlated with body mass index and the percentage of body fat by bioelectric impedance analysis and dual-energy X-ray absorptiometry than with the waist/hip ratio. In those aged over 80 years, age stratification showed that the waist/hip ratio was not correlated with any other measurement of obesity or fat distribution in men and correlated only with subscapular skinfolds in women. Waist circumference, however, correlated significantly with almost ail other measures of central obesity in older and younger men and women. Estimates of upper body (central) fat distribution appear to be age specific. After age 80, the waist/hip ratio is a poor method of assessing central or visceral adiposity, and waist circumference is a better measure of body fat distribution. Am J Epidemiol 1996; 143:898-906. absorptiometry, photon; body constitution; electric impedance; obesity; radiography, dual-energy scanned projection Obesity and body fat distribution have been shown to be independent risk factors for a number of chronic diseases (1-10). Upper body (or central) fat distribution is thought to reflect visceral adiposity (11) and has been shown to be associated with insulin resistance and dyslipidemia (12, 13). Historically, anthropometric techniques have been used to estimate body fat and body fat distribution in epidemiologic studies, because more precise measurement methods, such as computerized tomography for visceral fat or body water by isotope dilution, whole-body counting of potassium-40, or neutron activation analysis for total body fat, are more expensive and difficult to administer.
Obesity and body fat distribution have been shown to be independent risk factors for a number of chronic diseases (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) . Upper body (or central) fat distribution is thought to reflect visceral adiposity (11) and has been shown to be associated with insulin resistance and dyslipidemia (12, 13) . Historically, anthropometric techniques have been used to estimate body fat and body fat distribution in epidemiologic studies, because more precise measurement methods, such as computerized tomography for visceral fat or body water by isotope dilution, whole-body counting of potassium-40, or neutron activation analysis for total body fat, are more expensive and difficult to administer.
Although several studies among adults have found a strong association between less invasive estimates of obesity, such as bioelectric impedance, dual-energy X-ray absorptiometry, and anthropometric measures (14) (15) (16) (17) , the generalizability of these results may be limited by age. Few have examined these associations in an elderly population, when age-related changes in human anatomy and physiology may alter the way in which these tools reflect body composition (18, 19) . Decreases in skin elasticity (20) , alterations in hydration or bone mineral content (21) , kyphosis, and relaxation of the abdominal musculature may lead to measurement error in older persons. The aim of this study was to compare the commonly used estimates of obesity and body fat distribution in an elderly, largely nonobese population of healthy men and women.
MATERIALS AND METHODS
The subjects for this study were the first 385 men and women aged 65 years and older who participated in the 1992-1994 evaluation of the Rancho Bernardo Heart and Chronic Disease Study (22) . All were community dwelling and ambulatory. The history of cigarette smoking, alcohol use, physical activity, and postmenopausal estrogen use were determined by a structured questionnaire. Height and weight were measured with the participants wearing light clothing without shoes. Body mass index (weight (kg)/height (m)
2 ) was calculated. Height from the baseline visit approximately 20 years earlier was used as a proxy of "true" height to examine the possible effect of height loss or kyphosis (often associated with osteoporosis) on measures of central obesity. Waist and hip girth were measured in centimeters over single-thickness clothing with the participant standing in an erect position with feet together. The waist was measured at the bending point (point marked where the participant naturally bends forward and measured after the participant has returned to the upright position) and the narrowest circumference. Hip circumference was measured at the iliac crest and at the largest circumference. Both waist and both hip circumferences were highly correlated; for consistency with our previous reports, the bending point/iliac crest ratio was used as the waist/ hip ratio for these analyses. Using Harpenden calipers, subscapular skinfold thickness was measured inferior to the inferior angle of the scapula, and triceps skinfold thickness was measured at the midpoint between the acromial process and inferior border of the ulnar olecranon process, with the elbow flexed 90 degrees.
Bioelectric impedance analysis was used to measure the percentage of fat mass (model 1990B; Valhalla Scientific, Inc., San Diego, California) by assessing the voltage drop between two pairs of electrodes using an alternating current of 500 /JLA at a frequency of 50 kHz. Total body fat and regional body fat measurements, including truncal and leg fat, were measured using total body dual-energy X-ray absorptiometry (model QDR-2000 X-ray bone densitometer; Hologic, Inc., Waltham, Massachusetts), which uses a single beam scanning mode. Truncal fat boundaries were determined 1) superiorly, a line bisecting the glenoid fossas; 2) laterally, lines extending to above the iliac crests, and 3) interiorly, oblique lines bisecting the femoral necks. Measurement of leg fat was delineated by the area inferior to the oblique lines passing through the femoral necks. Truncal fat and leg fat measurements were expressed as a percentage of fat in the truncal region and the leg region, respectively. The waist/hip ratio, subscapular skinfolds/triceps skinfolds ratio, and the truncal fat/leg fat ratio were used to estimate upper body obesity (central obesity and upper body obesity are used interchangeably in this paper). Waist circumference (at the bending point) is used as an integrated measure of obesity and fat distribution, because small studies have shown that waist circumference is highly correlated with both total and visceral body fat measured by computed tomography and magnetic resonance imaging (23, 24) .
Data were analyzed using SAS and SAS/STAT software (SAS Institute, Inc., Cary, North Carolina) (25). Student's t tests were used to test for significant sex differences in mean body fat using each measurement technique. Pearson's partial correlation coefficients were used to compare the associations between the measures of total body fat and body fat distribution, and the strength of associations was compared using Fischer's Z transformation. Frequency tables by tertile of body fat and body fat distribution were used to assess concordance between the measurement methods. Logarithms of body fat measurements were used to account for slightly skewed distributions. All p values are two tailed. No adjustment was made for multiple comparisons; instead, exact p values are shown.
RESULTS
The average age of both men and women was 80 years (range, 65-96 years). Measures of total body fat and body fat distribution for the 245 women and 140 men are shown in table 1. Significant differences in body composition between men and women were shown by each method of measurement. Although the body mass index and subscapular skinfolds were greater in men than women, the percentage of total body fat by bioelectric impedance analysis or dualenergy X-ray absorptiometry was about 8 percent greater in women than men. Men had significantly greater upper body obesity than did women based on the waist circumference, waist/hip ratio, subscapular/ triceps ratio, or truncal fat/leg fat ratio.
As shown in tables 2 and 3, the age-adjusted correlations among obesity measurements by body mass index, bioelectric impedance analysis, dual-energy Xray absorptiometry, and subscapular and triceps skinfolds were strong and significant in both men and women (rs > 0.43; ps > 0.0001). In contrast, the strength of associations among different measures of upper body obesity was weaker and differed between the sexes. In women, the waist/hip ratio was significantly correlated with the dual-energy X-ray absorptiometry truncal fat/leg fat ratio (r = 0.30; p = 0.0001) and subscapular/triceps skinfold ratio (r = 0.21; p -0.001), and the truncal fat/leg fat ratio was associated with the subscapular/triceps ratio (r = 0.34; p -0.0001). In men, the waist/hip ratio was weakly correlated with the truncal fat/leg fat ratio (r = 0.19; p = 0.03) and was not associated with the subscapular/ triceps ratio (r = 0.05; p = 0.60); the truncal fat/leg fat ratio and the skinfold ratio were weakly inversely associated (r = -0.17; p = 0.07). In both men and women, waist circumference was more strongly correlated with body mass index (r > 0.81; p = 0.0001) and the percentage of body fat estimated by bioelectric impedance analysis (r = 0.60; p = 0.0001) and dualenergy X-ray absorptiometry (r S: 0.64; p = 0.0001) than with the waist/hip ratio (r > 0.56; p = 0.0001), and these differences were statistically significant (p < 0.0001). Stratification by physical activity, cigarette smoking, alcohol use, and postmenopausal estrogen use in women did not materially alter these results (data not shown). Table 4 shows the sex-specific, adjusted correlations between the waist/hip ratio and the other measures of obesity and body fat distribution dichotomized by age. In the 65-to 79-year-old group, significant correlations were seen for both men and women between the waist/hip ratio and most measures of obesity and body fat distribution. However, in the group aged 80 years and older, the waist/hip ratio was not associated with any other measurement method, except for a significant skinfold-waist/hip ratio association in the oldest women. Table 5 shows the age-and sex-specific correlations between the waist circumference and the other measures of obesity and body fat distribution. As with the waist/hip ratio, in the 65-to 79-year-old group, significant correlations were seen for both men and women between the waist circumference and most measures of obesity and body fat distribution. In contrast to the waist/hip ratio, the association between waist circumference and the other measures of body fat distribution was significant in both the younger and older age groups.
To exclude possible confounding effects by height loss with aging, the age-adjusted correlations were compared between each measurement technique of obesity and the body mass index calculated using height from the 1992-1994 visit and the body mass index using height from the 1972-1974 visit. Although women had lost more height than had men between baseline (1972-1974) and follow-up (1992-1994) visits (an average loss of 3.7 cm and 2.7 cm, respectively; p -0.0002), in women the correlations between measures of body fat and body fat distribution did not differ between the two methods of calculating body mass index. In contrast, in men the correlation between body mass index and both dual-energy X-ray absorptiometry and bioelectric impedance analysis decreased, and the correlation between the truncal fat/leg fat ratio and skinfold ratio and body mass index increased, when height from the 1972-1974 visit was used in the body mass index calculation. The correlation between body mass index and waist circumference did not differ between the two methods of calculating body mass index (data not shown).
The percentage of concordance among tertiles for different .methods of estimating obesity is shown in figure 1 . For both sexes, the greatest agreement was between bioelectric impedance analysis and dualenergy X-ray absorptiometry (66 percent for men; 75 percent for women). The smallest concordance rate was found for the dual-energy X-ray absorptiometry and skinfolds (subscapular: 47 percent for men, 53 percent for women; triceps: 47 percent for men, 54 percent for women). For all comparisons but one, the concordance rate was greater in women than men. The percentage of concordance among tertiles for different methods of estimating upper body fat distribution is shown in figure 2. Women were more concordant than were men for the waist/hip ratio-skinfold ratio, skinfold ratio-dual-energy X-ray absorptiometry ratio, waist/hip ratio-waist circumference, skinfold ratio-waist circumference, and dual-energy X-ray absorptiometry ratio-waist circumference comparisons; men were more concordant than were women for the waist/hip ratio-dual-energy X-ray absorptiometry association. The range of concordance rates was narrower in women (42-56 percent) than in men (28-50 percent).
DISCUSSION
In this cohort of community-dwelling, ambulatory, elderly Caucasians, the average levels of obesity and upper body obesity in men were similar to national values and those of other community-based studies, while the women were thinner than women reported in the literature (26) (27) (28) . All measurement techniques (waist circumference, waist/hip ratio, subscapular/ triceps ratio, and the dual-energy X-ray absorptiometry truncal fat/leg fat ratio) confirmed that upper body obesity is more common among men than women even in old age (29) . In accord with a previous report (17) , women had a greater percentage of leg fat (dualenergy X-ray absorptiometry) and percentage of truncal fat (dual-energy X-ray absorptiometry) than had men. Although obesity estimated from the body mass index was greater among men than women, the percentage of body fat estimated from either bioelectric impedance analysis or dual-energy X-ray absorptiometry was greater among women than men. This discrepancy is consistent with the literature and has been explained by the greater lean body mass among men influencing the body mass index calculation (30) .
Significant correlations were found among obesity measures, including body mass index, bioelectric impedance analysis, dual-energy X-ray absorptiometry, and subscapular and triceps skinfolds, for both men and women. These results are in agreement with the literature, which has found strong correlations between skinfolds and both bioelectric impedance analysis and dual-energy X-ray absorptiometry measure- ments (14, 15) and between the body mass index and bioelectric impedance analysis (16) . Previous studies have found fairly strong correlations between the waist circumference and total body fat, subcutaneous abdominal fat, and intraabdominal fat derived from computed tomography (23, 24) , suggesting that the waist circumference is an integrated Am J Epidemiol Vol. 143, No. 9, 1996 estimate of obesity and fat distribution. In Rancho Bernardo men and women, there was a significantly stronger correlation between the waist circumference and the obesity measures than between the waist circumference and waist/hip ratio.
All measures of body fat distribution were correlated with each other in women. In contrast, the waist circumference in men was strongly correlated with the dual-energy X-ray absorptiometry ratio and the skinfold ratio, but the waist/hip ratio and dual-energy X-ray absorptiometry ratio were weakly correlated, suggesting that the waist circumference may be a more useful anthropometric measure of upper body obesity than the waist/hip ratio in men 65 years and older. This is in agreement with several small studies of young adults (31) (32) (33) (34) . The strong correlation between the waist circumference and most other measures of obesity and body fat distribution was seen in both men and women and was present in those whose age was greater than 80 years. It is difficult to determine whedier the higher correlation between waist circumference and the dual-energy X-ray absorptiometry ratio was due to subcutaneous fat or intraabdominal fat, since both measure both components of abdominal fat (33) .
In this cohort, the waist/hip ratio and the body mass index were significantly correlated only in women. This sex differential was not explained by age differences (see table 1) or height loss; the association between the waist/hip ratio and body mass index was still absent in men when the body mass index was calculated using height from a visit 20 years earlier.
Although a smaller range of waist/hip ratio may explain the absent association in men (range for men = 0.85-1.11; range for women = 0.72-1.07), it is equally plausible that relatively lean old men have androgen deficiency-driven loss of lean body mass coupled with upper body obesity (35) .
It has been suggested that a decrease in skin elasticity with increasing age could lead to an underestimation of total body fat by skinfold measurement (20) , but skinfold measurements correlated quite well with the body mass index (rs > 0.67; p = 0.0001) in this older population. Measurement of body fat by bioelectric impedance analysis, a technique based on the principle that body fluids act as electrical conductors and cell membranes act as electrical capacitors (36, 37) , may be influenced by age-related changes in physiology, such as alterations in hydration or bone mineral content (21) . Dual-energy X-ray absorptiometry assumes a constant and fixed hydration of lean body mass (38, 39) , a property which is sometimes absent among the very elderly (40) . Nevertheless, in this healthy elderly cohort, both bioelectric impedance analysis and dual-energy X-ray absorptiometry measurements were strongly associated with all other measures of obesity. Height loss, kyphosis, and relaxation of the abdominal musculature could lead to a larger waist/hip ratio and waist circumference secondary to abdominal protuberance without central obesity. This may be why an association between the waist/hip ratio and all measures of obesity and body fat distribution was present in the younger (65-79 years) but not in the older (2:80 years) men, but, if this is so, it is surprising that the age difference was not more dramatic in women. It is possible that this effect is not seen in these Rancho Bernardo women because they are relatively lean. The similarly of correlations between the waist circumference and most other measures of obesity and fat distribution stratified by age group argues against this possibility.
This study did not evaluate the validity of measurement methods, but instead it compared the concordance of various methods of estimating obesity and body fat distribution and quantitated the potential for differential classification. For both men and women, the comparisons that included skinfold measurements had the lowest rate of concordance, with greater than 50 percent of observations potentially classified into discordant tertiles. Although the dual-energy X-ray absorptiometry to bioelectric impedance analysis comparisons had the least discordance for both sexes, between 25 and 34 percent of observations were differentially classified. A small effect of obesity on a given outcome could easily be obscured by this among variation in categorical classification. Measures of body fat distribution showed even greater rates of discordance than did the obesity measures for both sexes. This suggests that the chance of missing an effect of central obesity would be even larger. It is also possible that the measurement methods estimate different types of body fat distribution (26) and would not be expected to classify observations into concordant categories.
Although the body mass index has been criticized for its lack of ability to separate the weight of fat from the fat-free mass (41, 42) , this method has been demonstrated to be relatively insensitive to intra-or interobserver errors (43) . In this study, this inexpensive and readily obtainable measure was highly correlated with obesity by bioelectric impedance analysis or dualenergy X-ray absorptiometry, suggesting it is an adequate surrogate for the percentage of body fat in men and women for use in epidemiologic research. Although skinfold measures were also highly correlated with the other measures of body fat, the poorer interobserver reliability (44) decreases their usefulness and, as shown here, the potential for discordant classification is greatest with this measurement technique. The advantage of dual-energy X-ray absorptiometry versus bioelectric impedance analysis for the estimation of fat mass is unclear. Dual-energy X-ray absorptiometry is more expensive and involves a small amount of radiation. Bioelectric impedance analysis is less expensive, does not involve radiation, and may be Am J Epidemiol Vol. 143, No. 9, 1996 used at the bedside in nonambulatory patients (36) . Both methods are noninvasive, rapid, and simple to use. However, two small studies comparing the use of dual-energy X-ray absorptiometry and bioelectric impedance analysis for body fat estimation have found conflicting results (45, 46) , and we are aware of no other large studies of elderly persons.
The association among measures of body fat distribution was weaker than that among obesity measures, varied more by age, and was sex specific in the oldest subjects. The waist/hip ratio was clearly an inadequate method of assessing upper body obesity in men and women over 80 years old. These data suggest that the waist circumference could be the preferred anthropometric measure of body fat distribution, especially in the very old. It is necessary to evaluate the total body fat, abdominal obesity, and abdominal visceral fat contribution to the waist circumference measure. Although one small study in men and women aged <50 years found that waist circumference was consistently and strongly associated with several metabolic variables (31) , further studies are needed in the elderly to compare the association between the various measurement methods and outcomes of interest. The "best" anthropometric measure may be dependent on the risk factor of interest. At the present time, several measures should be used.
